binding domains (53%) were also identified in the human search, whereas about 17-18% of these common hits were identified in the zebrafish search. The mouse proteins could be divided into two broad categories: 2/3 had an identified function, whereas 1/3 were either predicted or of unknown function. The known proteins were grouped as transport proteins, other membrane proteins, kinases, phosphatases, cytoskeletal, ribosomal, nuclear, enzymes, and others. Analysis of the location of the SPAK/OSR1 binding motif within the protein sequence revealed distribution throughout the entire length, but with preference to the extreme amino-or carboxyl termini for a large number of proteins.
INTRODUCTION
Using a large scale yeast-2 hybrid screen and the amino terminus of KCC3 (K-Cl cotransporter-3), we uncovered a novel protein-protein interaction motif, recognized by two closely related Ste20 kinases: SPAK/PASK and OSR1 (5) . Using deletion mutants and single residue mutagenesis, we determined that at minimum, nine residues in the target protein are required for where x represents any amino acid. Because the motif is based on yeast 2-hybrid data and this methodology cannot assess binding to residues located upstream of the positively charged arginine residue (that we will define as position 1), we cannot preclude that more than 9 residues are involved in the interaction. Indeed, the smallest peptide (9 amino acids) that gives a positive interaction in a yeast 2-hybrid assay is fused to the binding domain of GAL4, and thus, amino acids linking this domain to the peptide might in fact participate to the binding. Methodologies different than those using fusion proteins (different than yeast-2 hybrid and GST pull-down) are needed to resolve the minimum length required for SPAK/OSR1 binding. Subsequent studies from our laboratory and others have demonstrated binding of SPAK to several additional proteins (3) (4) (5) (6) . Sequence alignment of the motifs found in these proteins is presented in Figure 1 .
Several conclusions can be made from this alignment: First, serine or glycine residues are found preferentially at position -1, with the only exception being the original KCC3 target, which contains a valine residue at that position. Second, despite our previous demonstration of a conserved protein-protein interaction between SPAK and NKCC2 when we substituted a lysine for the arginine residue (2) , of the twelve proteins listed in Figure 1 , only arginine residues are found at position one.
Third, amino acid substitution at position two implies the necessity for a phenylalanine residue (2), a fact supported by the alignment represented in Figure 1 . Fourth, only valine or isoleucine residues are found at position 4. Finally, valine, isoleucine, threonine, and serine residues are found at position 7. Thus, based on this analysis, we propose the following refined motif: Because some amino acids are more abundant than others, the actual probability of finding the motif increases slightly to 8.46 x 10 -6 , indicating that if the SPAK binding motif was distributed within the genome by chance only, this motif should be found once every ~120,000 (118,151) residues.
To determine the number of SPAK/OSR1 binding motifs existing within a genome, and identify the proteins containing this motif, we analyzed the NCBI protein database. Because the search had to accommodate multiple residues at any specific position, we created a small program written in Visual Basic that allowed us to identify the binding motifs within entire genomes. We 
METHODS
The NCBI protein database(http://www.ncbi.nlm.nih.gov/) was searched for Mus musculus and hits were saved in FASTA format within a single file. After opening the file and removing all "Hard
Returns" using the find and replace function of WordPerfect, the file was saved in TEXT format.
Next, using a small routine written in Visual Basic (Microsoft), we searched the entire text file for specific sequences allowing multiple residues per position. Basically, the first 60 characters are placed into 60 consecutive string variables and the routine analyzes the file one variable at a time.
Based on the identity of the first variable, a specific action is taken ( Figure 2 ) and the routine moves one character over, resetting all 60 variables until the end of the file is reached. All NCBI FASTA entries begin with a line of text describing the sequence (i.e. >gi|51592076|ref|NP_032089.2| solutecarrierfamily37). Our program identifies new protein entries when the first variable = ">", the second = "g", and the third = "i". The routine then increments its protein counter by one and seeks the fourth "|" character which signals the beginning of the name or description of the protein. The 60 characters following the fourth "|" character are saved temporarily in a string variable. Next, the routine seeks 30 consecutive capitalized letters, which signals the beginning of the sequence (this method was chosen since all NCBI entries do not start with a methionine), and starts incrementing its residue counter. When the routine identifies a serine, valine, or glycine at the first position (first variable), followed by arginine and phenylalanine residues at positions 2 and 3, respectively, followed by a valine or isoleucine at position 5, and finally followed by valine, isoleucine, serine, or threonine residues at position 8, the routine captures the 8 characters plus an additional 7 8,228 hits for "kinases", 3,018 hits for "enzymes", 1,389 hits for "cytoskeleton", 3,331 hits for "transport", 2,412 hits for "phosphatases", 2,601 hits for "channels". Further defining the type of ion channel reduced the number of hits to 551 for "K + channels", 307 for "Ca 2+ channels", 272 hits for "Na + channels" and 184 hits for "Cl -channels" (see Table 1 ). An obvious first observation which can be made from these searches is that NCBI returns many more hits than the number of proteins existing in any one specific genome. Indeed, the NCBI search of Mus musculus returned close to 200,000 hits, whereas estimation of the number of proteins in the mouse genome is closer to 24,000-25,000 (7) . A second observation is that, due to the extensive cross-referencing of NCBI entries, proteins are often identified using unrelated or indirect searches. As an example, only a fraction of the 8,228 entries found with Mus musculus AND "kinases" are actual kinases. The Na-K-2Cl cotransporter (NKCC1) is identified in the Mus musculus AND "kinases"search, due to the multiple NCBI links existing between SPAK/PASK kinases and the cotransporter. Table 2 . Two thirds of these proteins are involved in transport, enzymatic, cytoskeletal, nuclear, ribosomal and other functions, whereas the remaining one third of the proteins listed in Table 2 Table 2 ). In other proteins such as kinases, which have well-defined catalytic and regulatory (Table 3) . To date, however, no SPAK/OSR1 interacting proteins have been identified as containing a KFxV motif. As the motifs were identified through gene searching and not from peptide libraries, some of the identified motifs might not constitute actual SPAK/OSR1 binding sites. Therefore, whether proteins identified in this search do indeed interact with the kinases requires experimental testing. Anchoring of kinases to their substrates constitutes one important mechanism of substrate specificity (1). Thus, for any protein-protein interaction to reach biological significance, overlap of their temporal and spatial distribution is required. While SPAK/OSR1 interaction with cation-chloride cotransporters, chloride channels, and TNF receptor has been evidenced experimentally (3) (4) (5) (6) , this study provides a list of new proteins that potentially interact with SPAK and OSR1, and suggests a significantly greater physiological role for each of these kinases.
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